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NOTCH RECEPTOR LIGANDS AND USES THEREOF 

CROSS REFERENCE TO RELATED APPLICATION 

This application is a divisional application ofU.S. Serial No. 09/641,612 
5 filed August 17, 2000 and claims a priority benefit of provisional application Serial 
No. 60/149,934 filed August 19, 1 999. 

FIELD OF THE INVENTION 

The present invention relates to receptors and ligands consisting of human 
Notch gene products, and uses of these receptors, ligands and derivatives thereof to 
10 modulate cell-cell interaction in biological processes and conditions including angiogenesis 
and cancer. 

BACKGROUND OF THE INVENTION 

The Notch pathway is involved in cell fate determination and differentiation, 
and signaling through the Notch pathway receptors is an evolutionarily conserved 
15 mechanism for cell-cell interaction. Notch proteins, of which four have been identified in 
humans (Notch 1, Notch 2, Notch 3 and Notch 4), are a family of closely related 
transmembrane receptors. Notch 4 is expressed specifically in endothelial cells (Shiratoshi, 
Y., Genes Cells 2: 213-224, 1997; Uyttendaele, H., Development 122: 2251-2259, 1996) 
and may play an important role in angiogenesis. When Notch is activated by a ligand, its 
20 intracellular domain is proteolytically cleaved and transported to the nucleus, along with 
CSL (CBF-l/Su(H)/Lag-l/RBP-Jic) transcription factor to activate transcription of 
downstream effectors. The resulting effector can repress the transcriptional activity of 
other genes encoding transcription factors for entry into terminal differentiation. The 
ligands that interact with the extracellular portion of Notch include Delta, Serrate, and 
25 Jagged; the ligands also are transmembrane proteins. 

Adjacent cells of identical lineage can follow separate pathways of 
differentiation as a result of the Notch pathway. Sample pathways of differentiation 
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include axis formation, cartilage formation, and somite formation. Through a process of 
lateral inhibition, one cell can suppress the neighboring cells from following the same path 
of d ifferentiation. I n o ne m odel, a N otch r eceptor i s e xpressed o n t he c ell s urface of a 
“suppressed” cell, and interacts with a Notch ligand located on the cell surface of a 
5 dominating cell. After ligand interaction with a Notch receptor, the intracellular domain of 
the Notch receptor is cleaved and transported to the nucleus, where it forms a complex and 
affects gene transcription. (Lendahl, U., BioEssays 20:103-107, 1998.) 

The ligand itself plays an important role in determining the fate of cells in 
the vicinity of Notchrexpressing cells. In Drosophila , ligands including Delta and Serrate 
10 have been identified and studied. The corresponding genes in mammals include Dll-1 
(Delta-1) and Dll-3 (Delta-3), as well as Jag-1 and Jag-2. Mutations and decreased 
expression of Delta are related to phenotypic changes, and a translocation in the human 
Notch 1 locus (TAN-1) has been found in T-cell acute lymphoblastic leukemia/lymphoma 
(Ellisen et al., Cell 55:6 49-661, 1991). 

15 Mutations in the human Jagged 1 gene are associated with Alagille 

syndrome, which involves abnormal development of liver, heart, skeleton, eye, and face. 
Alagille patients also exhibit valvular and arterial stenonis and high incidence of 
intracranial hemorrhage. Four separate mutations, all ffameshifts, have been identified in 
patients with the syndrome. (Li, L. et al., Nature Genetics 75:243-251, 1997; Oda, T. et al., 
20 Nature Genetics 75:235-242, 1997.) The mutations are likely to interfere with the ability of 
Jagged 1 to interact with Notch, thereby affecting the differentiation of cells whose fate 
would otherwise be determined by interaction of Notch with functional Jagged 1 . Mice 
rendered genetically deficient for Jagged 1 exhibit defects in vascular development (Xue et 
al., Hum. Mol. Gen. 8: 723, 1999). These results are consistent with the hypothesis that 
25 Jagged 1 is also involved in vascular development and integrity. 

Mutations in Notch 3 are related to a syndrome known as CADASIL, for 
cerebral autosomal arteriopathy with subcortical infarction and leukoencephalopathy. 
(Jontel, A. et al., Lancet 255:1511-1515, 1997.) Missense mutations in the extracellular 
domain were found in 45 out of 50 CADASIL patients in one reported study. (Salloway, S. 
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et al, J. Geriatr. Psychiatry Neurol. 11:11-11, 1998.) CADASIL patients exhibit recurrent 
ischemic stroke and severe vascular smooth muscle cell defect. Thus, mutations in the 
Notch gene itself can affect vascular integrity in adults. 

In view of the importance of this signaling pathway and its role in human 
5 cell differentiation and disease, there is a need in the art for identification of genes involved 
in the pathway, and for methods and therapeutic agents for intervening in diseases and 
conditions related to defects in the Notch pathway. 

SUMMARY OF THE INVENTION 

The present invention relates to nucleotide sequences of human Notch 
10 ligand genes, and amino acid sequences of the encoded proteins, as well as derivatives and 
fragments thereof wherein the derivatives and fragments exhibit biological activity such as 
binding to Notch receptors. 

The invention also relates to methods of modulating angiogenesis by using 
the Notch ligands of the invention, and derivatives and fragments thereof. 

15 The invention further relates to modulation of endothelial cell proliferation 

using polynucleotides encoding all of part of the Notch ligands of the invention, such as 
antisense oligonucleotides that can target nucleic acid encoding the Notch ligand. 

The invention still further relates to methods of modulating the development 
and maturation of T-cells and other cells of the immune system, thereby regulating cell- 
20 mediated immunity and antibody responses to alleviate conditions such as rheumatoid 
arthritis. 

Notch ligands of the invention include those encoded by the 3md3 gene and 

the 2hdl gene. 

The invention relates to an isolated nucleic acid molecule comprising a 
25 polynucleotide selected from the group consisting of: 

(a) a polynucleotide encoding amino acids from about 1 to about 583 of 
SEQ ID NO:2; 
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(b) a polynucleotide encoding amino acids from about 2 to about 583 of 
SEQ ID NO:2; 

(c) a polynucleotide encoding amino acids from about 1 to about 81 of 
SEQ ID NO:4; 

5 (d) a polynucleotide encoding amino acids from about 2 to about 81 of 

SEQ ID NO:4; 

(e) the polynucleotide complement of the polynucleotide of (a)-(d); and 

(f) a polynucleotide at least 90 % identical to the polynucleotide of 

(a)-(e). 

10 The invention also relates to an isolated nucleic acid molecule consisting of 

a nucleic acid comprising 50-1752 contiguous nucleotides from the coding region of SEQ 
ID NO:l. 



The invention further relates to an isolated nucleic acid molecule comprising 
a polynucleotide encoding a polypeptide wherein, except for at least one conservative 
15 amino acid substitution, said polypeptide has an amino acid sequence selected from the 
group consisting of: 



20 



25 



(a) amino acids from about 1 to about 583 of SEQ ID NO:2; 

(b) amino acids from about 2 to about 583 of SEQ ID NO:2; 

(c) amino acids from about 1 to about 81 of SEQ ID NO:4; and 

(d) amino acids from about 2 to about 8 1 of SEQ ID NO:4. 

The invention still further relates to an isolated polypeptide comprising 
amino acids at least 95% identical to amino acids selected from the group consisting of: 

(a) amino acids from about 1 to about 583 of SEQ ID NO:2; 

(b) amino acids from about 2 to about 583 of SEQ ID NO:2; 

(c) amino acids from about 1 to about 81 of SEQ ID NO:4; and 

(d) amino acids from about 2 to about 81 of SEQ ID NO:4. 

The invention also relates to a complex comprising a protein comprising an 
amino acid sequence selected from the group consisting of SEQ ID NO:2 and SEQ ID 



NO:4. 
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The invention further relates to a complex comprising a fragment of the 
amino acid sequence selected from the group consisting of SEQ ID NO:2, SEQ ID NO:4, 
and a Dishevelled protein wherein said fragment is capable of forming a complex with said 
Dishevelled protein. 

5 BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is an alignment of the amino acid sequences of novel human Notch 
ligand, 3md3, of the present invention (SEQ ID NO:l), the mouse ortholog Delta-3 
(3721842_md3), a human Delta polypeptide (w80813_hd3), and human sequence hdeltalp. 

Figure 2 is a protein phylogenic analysis based on the sequences of Figure 1, 
10 and shows that 3md3 is more closely related to murine Delta 3 than is the human sequence 
W80813_hd3 or human sequence hdeltalp. 

Figure 3 is an alignment of the nucleotide sequences of 3md3 (SEQ ID 
NO:2), mouse dll3, hdelta, and W80813. 

Figure 4 is a polynucleotide phylogenic analysis based on the sequences of 

15 Figure 3. 

Figure 5 provides the polynucleotide (SEQ ID NO:l) and amino acid (SEQ 
ID NO:2) sequences of 3md3. 

Figure 6 provides the polynucleotide (SEQ ID NO:3) and amino acid (SEQ 
ID NO:4) sequences for 2hdl . 

20 Figure 7 is a diagram representing the interaction between the Notch 

receptor and the Notch ligands. Upon binding to Delta or Jagged (Notch ligands), the 
intracellular domain of Notch is cleaved by a presenilin-dependent pathway and 
translocates to the nucleus along with DNA-binding protein, CSL, to activate transcription 
of downstream genes. The intracellular domain of Notch also downregulates the Jun- 
25 Kinase (JNK) pathway through a CSL independent mechanism (Zecchini, V. et al., Biol. 
9:460-499, 1999). Modulators of the pathway includes Kuzbanian, a disintegrin and 
metalloproteinase (ADAM) that positively regulate Notch signaling, and Fringe, a putative 
glycosyltransferase that inhibits Jagged signaling. 



i 



5 




5951 6-1 59/PP-01 602 



DETAILED DESCRIPTION OF THE INVENTION 
Introduction 

The present invention relates to nucleotide sequences of Notch ligands, the 
proteins encoded by the nucleotide sequences, and uses of the polynucleotides, proteins, 
5 fragments thereof, and antibodies specific for the proteins and polypeptides. 

There is increasing evidence for a role of the Notch pathway in human 
disease. All of the components of the pathway have yet to be identified, but among those 
identified to date, mutations that affect their interaction with each other can lead to a 
variety of syndromes and pathological conditions. 

10 A role for Notch- Jagged interaction in angiogenesis has been reported, based 

on studies with a model for angiogenesis, which measures bovine microvascular 
endothelial cell invasion into a collagen gel, through formation of a network of capillary- 
like tubes. (Zimrin, A. et al.. Jour. Biol. Chem. 271: 32499-32502, 1996.) Growth factors 
such as FGF and VEGF can be added to determine the effect of Notch and Notch ligands 
1 5 on growth factor-induced endothelial cell behavior and differentiation. 

The Notch pathway is also implicated in the development and maturation of 
T cells, as described in Radtke, F. et al., Immunity 10: 547-558, 1999. The Notch ligands of 
the invention are therefore useful candidates for modulating the immune system, including 
determining the fate of T cells, thereby affecting antibody production and/or cell-mediated 
20 immunity. 

As discussed in detail below, the Notch ligands of the present invention can 
be used to further elucidate the role of the Notch pathway in human development and 
disease. In particular, the ligand gene referred to as 3md3 (SEQ ID NO:l) displays a 
pattern of tissue expression that overlaps with the endothelial cell-specific gene Notch 4. 
25 This has important implications for the use of 3md3 in modulating angiogenesis, such as 
preventing cancer-related angiogenesis to stop tumor growth and for therapeutic 
angiogenesis, e.g., to induce blood vessel formation in ischemia. A mouse mammary 
tumor virus (MMTV) oncogene, int-3, encodes the intracellular signaling domain of Notch 
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4. Thus, the MMTV may target angiogenesis as a component of its tumor promoting 
activity. (Zimrin, A. et al., J. Biol. Chem. 271: 32499-32502, 1996.) 

3md3 is therefore a candidate for regulating Notch 4-mediated angiogenesis. 
Without being bound by a particular mechanism, applicants believe that by modulating the 
5 interaction between Notch ligand 3md3 and its receptors, the growth and differentiation of 
microvascular endothelial cells can be regulated. The role of the 3md3 gene product in 
angiogenesis can be determined using a model of angiogenesis, for example as described 
in more detail in the Examples. 

Identification of Novel Notch Receptor Ligands 

10 Two new ligands of the Notch receptor have been identified, and are 

referred to as 3md3 and 2hdl. 

1. 3md3. This gene is likely the human ortholog of murine Delta 3 

(D113, GenBank protein ID 3721842). It is expressed in the heart, kidney, skeletal muscle 
and kidney as a 4.9 kb message. The nucleotide sequence for the lull-length coding region 
15 (1752 basepairs) is disclosed in SEQ ID NO:l, and the encoded amino acid sequence (583 

amino acids) is disclosed in SEQ ID NO:2. 

The mouse D113 gene is predominantly expressed in the neuroectoderm and 
paraxial mesoderm during embryogenesis (Dunwoodie, S.L. et al., Development 124: 3065- 
3076, 1997). The cDNA consists of 2243 basepairs, encoding a protein of 585 amino 
20 acids. Figure 1 compares the polynucleotide sequences of 3md3 with murine DU3. Figure 
1 also compares the sequence of a human Delta polynucleotide sequence disclosed in WO 
98 45434-A1 (W80813). An examination of the alignments in Figure 1 indicates that the 
novel sequence of the invention, 3md3, is more closely related to the mouse Delta 3 
sequence than is the human Delta sequence. Therefore, it is believed that 3md3 is the 
25 human ortholog of the mouse D113 gene. The tissue expression of 3md3 overlaps with that 
of the endothelial-specific gene Notch 4, suggesting that it may be a functional ligand for 
Notch 4. 
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As described in more detail herein, the present invention provides new 
methods and materials for modulating angiogenesis and immune responses using products 
of3md3. 

2. 2hdl. This gene contains a region that is identical to the DSL 
5 (Delta/Serrate/Lag) domain in human Delta 1, followed by a divergent sequence of 24 
amino acids and a stop codon. The DSL domain is a region of homology common to the 
known Notch ligand and is involved in receptor binding (Fitzgerald and Greenwald, 
Development 121: 4275-4282, 1995). SEQ ID NO:3 represents the coding region of 2hdl, 
and SEQ ID NO:4 represents the translation of the coding region. 

10 Polynucleotides 

The invention relates to the specific polynucleotide sequences disclosed in 
SEQ ID NO:l and 3, and to additional embodiments described herein. The polynucleotides 
of the invention also include polynucleotides having sequence similarity or sequence 
identity to SEQ ID NO:l or 3. Nucleic acids having sequence similarity are detected by 
15 hybridization under low stringency conditions, for example, at 50°C and 10XSSC (0.9 M 
saline/0.09 M sodium citrate) and remain bound when subjected to washing at 55°C in 
1XSSC. Sequence identity can be determined by hybridization under stringent conditions, 
for example, at 50°C or higher and 0.1XSSC (9 mM saline/0.9 mM sodium citrate). 
Hybridization methods and conditions are well known in the art, see, e.g., U.S. Patent 
20 No. 5,707,829. Nucleic acids that are substantially identical to the provided polynucleotide 
sequences, e.g., allelic variants, genetically altered versions of the gene, etc., bind to one of 
the provided polynucleotide sequences (SEQ ID NOs:l and 3) under stringent hybridization 
conditions. By using probes, particularly labeled probes of DNA sequences, one of skill 
can isolate homologous or related genes. The source of homologous genes can be any 
25 species, e.g., primate species, particularly human; rodents, such as rats and mice; canines, 
felines, bovines, ovines, equines, yeast, nematodes, etc. 

Preferably, hybridization is performed using at least 15 contiguous 
nucleotides (nt) of at least one of SEQ ID NOs.T and 3. That is, when at least 15 
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contiguous nt of one of the disclosed SEQ ID NOs. is used as a probe, the probe will 
preferentially hybridize with a nucleic acid comprising the complementary sequence, 
allowing the identification and retrieval of the nucleic acids that uniquely hybridize to the 
selected probe. Probes of more than 15 nt can be used, e.g., probes of from about 18 nt to 
5 about 100 nt, but 15 nt represents sufficient sequence for unique identification. 

The polynucleotides of the invention also include naturally occurring 
variants of the nucleotide sequences (e.g., degenerate variants, allelic variants). Variants of 
the polynucleotides of the invention are identified by hybridization of putative variants with 
nucleotide sequences disclosed herein, preferably by hybridization under stringent 
10 conditions. For example, by using appropriate wash conditions, variants of the 
polynucleotides of the invention can be identified where the allelic variant exhibits at most 
about 25-30% base pair (bp) mismatches relative to the selected polynucleotide probe. In 
general, allelic variants contain 15-25% bp mismatches, and can contain as little as even 5- 
15%, or 2-5%, or 1-2% bp mismatches, as well as a single bp mismatch. 

1 5 The invention also encompasses homologs corresponding to the 

polynucleotides of SEQ ID NOs:l and 3, where the source of homologous genes can be any 
mammalian species, e.g., primate species, particularly human; rodents, such as rats; 
canines, felines, bovines, ovines, equines, yeast, nematodes, etc. Between mammalian 
species, e.g., human and mouse, homo logs generally have substantial sequence similarity, 
20 e.g., at least 75% sequence identity, usually at least 90%, more usually at least 95% 

between nucleotide sequences. Sequence similarity is calculated based on a reference 
sequence, which may be a subset of a larger sequence, such as a conserved motif, coding 
region, flanking region, etc. A reference sequence will usually be at least about 18 
contiguous nt long, more usually at least about 30 nt long, and may extend to the complete 
25 sequence that is being compared. Algorithms for sequence analysis are known in the art, 
such as BLAST, described in Altschul et al., J. Mol. Biol. 275:403-10 (1990). For the 
purposes of this invention, a preferred method of calculating percent identity is the Smith- 
Waterman algorithm, using the following. Global DNA sequence identity is greater than 
65% as determined by the Smith- Waterman homology search algorithm as implemented in 
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MPSRCH program (Oxford Molecular) using an affine gap search with the following 
search parameters: gap open penalty, 12; and gap extension penalty, 1. 

The subject nucleic acids can be cDNAs or genomic DNAs, as well as 
fragments thereof, particularly fragments that encode a biologically active gene product 
5 and/or are useful in the methods disclosed herein ( e.g ., in diagnosis, as a unique identifier 
of a differentially expressed gene of interest, etc.). The term “cDNA” as used herein is 
intended to include all nucleic acids that share the arrangement of sequence elements found 
in native mature mRNA species, where sequence elements are exons and 3’ and 5’ non- 
coding regions. Normally mRNA species have contiguous exons, with the intervening 
1 0 introns, when present, being removed by nuclear RNA splicing, to create a continuous open 

reading frame encoding a polypeptide of the invention. 

A genomic sequence of interest comprises the nucleic acid present between 
the initiation codon and the stop codon, as defined in the listed sequences, including all of 
the introns that are normally present in a native chromosome. It can also include the 3’ and 
15 5’ untranslated regions found in the mature mRNA. It can further include specific 

transcriptional and translational regulatory sequences, such as promoters, enhancers, etc., 
including about 1 kb, but possibly more, of flanking genomic DNA at either the 5’ or 3’ 
end of the transcribed region. The genomic DNA can be isolated as a fragment of 100 kbp 
or smaller; and substantially free of flanking chromosomal sequence. The genomic DNA 
20 flanking the coding region, either 3’ and 5’, or internal regulatory sequences as sometimes 
found in introns, contains sequences required for proper tissue, stage-specific, or disease- 
state specific expression. 

The nucleic acid compositions of the subject invention can encode all or a 
part of the subject polypeptides. Double or single stranded fragments can be obtained from 
25 the DNA sequence by chemically synthesizing oligonucleotides in accordance with 
conventional methods, by restriction enzyme digestion, by PCR amplification, etc. Isolated 
polynucleotides and polynucleotide fragments of the invention comprise at least about 10, 
about 15, about 20, about 35, about 50, about 100, about 150 to about 200, about 250 to 
about 300, or about 350 contiguous nt selected from the polynucleotide sequences as shown 
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in SEQ ID NOs:l and 3. Such fragments are exemplary only, and include all intervening 
sizes, such as 1 1, 12, 13, etc.; 51, 52, 53, etc.; 151, 152, 153, etc., and so on. For the most 
part, fragments will be of at least 15 nt, usually at least 18 nt or 25 nt, and up to at least 
about 50 contiguous nt in length or more. In a preferred embodiment, the polynucleotide 
5 molecules comprise a contiguous sequence of at least 12 nt selected from the group 
consisting of the polynucleotides shown in SEQ ID NOs:l and 3. 

Preferred fragments are those which contain an antigenic determinant, 
and/or which are functionally active. “Functionally active” fragments include those with 
adhesive properties. Preferred fragments of 3md3 and/or 2hdl include the full-length 
10 protein, an extracellular domain with a transmembrane region, and fragments of the 
proteins that are homologous or functionally equivalent to the adhesive fragments of 
Drosophila Delta mediating heterotypic (amino acids 1-230) or homotypic (32-320) 
interactions. Such fragments can be expressed independently or as fusion proteins. Fusion 
proteins may include myc-, HA-, or His6- tags. Fusion proteins may contain the Fc domain 
15 of human IgG. 

Derivatives of Delta proteins, and assays for measuring the biological 
activity of the derivatives, are disclosed in WO 97/06571, which is incorporated by 
reference. WO 97/06571 also discloses therapeutics, including antisense compositions, 
based on or derived from polynucleotides encoding Delta proteins. Such methods and 
20 compositions are applicable to the novel ligands of the invention. Truncations of Notch 
ligands are disclosed in U.S. Patent No. 5,648,464, which is incorporated by reference. 

Probes specific to the polynucleotides of the invention can be generated 
using the polynucleotide sequences disclosed in SEQ ID NOs:l and 3. The probes are 
preferably at least about a 12, 15, 16, 18, 20, 22, 24, or 25 nt fragment of a corresponding 
25 contiguous sequence of SEQ ID NOs:l and 3, and can be less than 2, 1, 0.5, 0.1, or 0.05 kb 
in length. The probes can be synthesized chemically or can be generated from longer 
polynucleotides using restriction enzymes. The probes can be labeled, for example, with a 
radioactive, biotinylated, or fluorescent tag. 
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The polynucleotides of the subject invention are isolated and obtained in 
substantial purity, generally as other than an intact chromosome. Usually, the 
polynucleotides, either as DNA or RNA, will be obtained substantially free of other 
naturally-occurring nucleic acid sequences, generally being at least about 50%, usually at 
5 least about 90% pure and are typically “recombinant,” e.g., flanked by one or more 
nucleotides with which it is not normally associated on a naturally occurring chromosome. 

The polynucleotides of the invention can be provided as a linear molecule or 
within a circular molecule, and can be provided within autonomously replicating molecules 
(vectors) or within molecules without replication sequences. Expression of the 
10 polynucleotides can be regulated by their own or by other regulatory sequences known in 
the art. The polynucleotides of the invention can be introduced into suitable host cells 
using a variety of techniques available in the art, such as transferrin polycation-mediated 
DNA transfer, transfection w ith n aked or encapsulated nucleic acids, liposome-mediated 
DNA transfer, intracellular transportation of DNA-coated latex beads, protoplast fusion, 
1 5 viral infection, electroporation, gene gun, calcium phosphate-mediated transfection, and the 

like. 

The subject nucleic acid compositions can be used, for example, to produce 
polypeptides, as probes for the detection of mRNA of the invention in biological samples 
(e.g., extracts of human cells), to generate additional copies of the polynucleotides, to 
20 generate ribozymes or antisense oligonucleotides, and as single stranded DNA probes or as 
triple-strand forming oligonucleotides. The probes described herein can be used to, for 
example, determine the presence or absence of the polynucleotide sequences as shown in 
SEQ ID NOs:l and 3 or variants thereof in a sample. These and other uses are described in 
more detail below. 

25 Polypeptide Fragments 

The invention provides polypeptide fragments of the disclosed protein. 
Polypeptide fragments of the invention can comprise at least 8, 10, 12, 15, 18, 19, 20, 25, 
50, 75, 100, 125, 130, 140, 150, 160, 170, 180, 190, 200, 250, 300, 350, 400, 450, 500, 
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550, 560, 570 or 580 contiguous amino acids from SEQ ID NO:2. Also included are all 
intermediate length fragments in this range, such as 101, 102, 103, etc.; 170, 171, 172, etc.; 
and 600, 601, 601, etc. The specific lengths listed herein are exemplary only and not 
limiting. The invention also provides fragments of at least 81 contiguous amino acids from 
5 SEQ ID NO:4. 

Biologically Active Variants 

Variants of the protein and polypeptides disclosed herein can also occur. 
Variants can be naturally or non-naturally occurring. Naturally occurring variants are found 
in humans or other species and comprise amino acid sequences which are substantially 
10 identical to the amino acid sequence shown in SEQ ID NO:2 or 4. Species homologs of the 
protein can be obtained using subgenomic polynucleotides of the invention, as described 
below, t o m ake s uitable p robes o r p rimers t o s creening cDNA expression libraries from 
other species, such as mice, monkeys, yeast, or bacteria, identifying cDNAs which encode 
homologs of the protein, and expressing the cDNAs as is known in the art. 

15 Non-naturally occurring variants which retain substantially the same 

biological activities as naturally occurring protein variants, specifically the four 
transmembrane configuration and the interaction with other cell surface proteins, are also 
included here. Preferably, naturally or non-naturally occurring variants have amino acid 
sequences which are at least 85%, 90%, or 95% identical to the amino acid sequence shown 
20 in SEQ ID NO:2 or 4. More preferably, the molecules are at least 98% or 99% identical. 
Percent identity is determined using any method known in the art. A non-limiting example 
is the Smith- Waterman homology search algorithm using an affine gap search with a gap 
open penalty of 12 and a gap extension penalty of 1. The Smith- Waterman homology 
search algorithm is taught in Smith and Waterman, Adv. Appl. Math. (1981) 2:482-489. 

25 Guidance in determining which amino acid residues can be substituted, 

inserted, or deleted without abolishing biological or immunological activity can be found 
using computer programs well known in the art, such as DNASTAR software. Preferably, 
amino acid changes in the protein variants disclosed herein are conservative amino acid 
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changes, i.e., substitutions of similarly charged or uncharged amino acids. A conservative 
amino acid change involves substitution of one of a family of amino acids which are related 
in their side chains. Naturally occurring amino acids are generally divided into four 
families: acidic (aspartate, glutamate), basic (lysine, arginine, histidine), non-polar (alanine, 
5 valine, leucine, isoleucine, proline, phenylalanine, methionine, tryptophan), and uncharged 
polar (glycine, asparagine, glutamine, cystine, serine, threonine, tyrosine) amino acids. 
Phenylalanine, tryptophan, and tyrosine are sometimes classified jointly as aromatic amino 
acids. 

It is reasonable to expect that an isolated replacement of a leucine with an 
10 isoleucine or valine, an aspartate with a glutamate, a threonine with a serine, or a similar 
replacement of an amino acid with a structurally related amino acid will not have a major 
effect on the biological properties of the resulting variant. 

Variants of the 3md3 and/or 2hdl proteins disclosed herein include 
glycosylated forms, aggregative conjugates with other molecules, and covalent conjugates 
15 with unrelated chemical moieties. Covalent variants can be prepared by linking 

functionalities to groups which are found in the amino acid chain or at the N- or C-terminal 
residue, as is known in the art. Variants also include allelic variants, species variants, and 
muteins. Truncations or deletions of regions which do not affect functional activity of the 
proteins are also variants. 

20 A subset of mutants, called muteins, is a group of p olypeptides in which 

neutral amino acids, such as serines, are substituted for cysteine residues which do not 
participate in disulfide bonds. These mutants may be stable over a broader temperature 
range than native secreted proteins. See Mark et al., U.S. Patent 4,959,3 14. 

Preferably, amino acid changes in the 3md3 and/or 2hdl protein or 
25 polypeptide variants are conservative amino acid changes, i.e., substitutions of similarly 
charged or uncharged amino acids. A conservative amino acid change involves substitution 
of one of a family of amino acids which are related in their side chains. Naturally occurring 
amino acids are generally divided into four families: acidic (aspartate, glutamate), basic 
(lysine, arginine, histidine), non-polar (alanine, valine, leucine, isoleucine, proline, 
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phenylalanine, methionine, tryptophan), and uncharged polar (glycine, asparagine, 
glutamine, cystine, serine, threonine, tyrosine) amino acids. Phenylalanine, tryptophan, and 
tyrosine are sometimes classified jointly as aromatic amino acids. 

It is reasonable to expect that an isolated replacement of a leucine with an 
5 isoleucine or valine, an aspartate with a glutamate, a threonine with a serine, or a similar 
replacement of an amino acid with a structurally related amino acid will not have a major 
effect on the biological properties of the resulting secreted protein or polypeptide variant. 
Properties and functions of 3md3 and/or 2hdl protein or polypeptide variants are of the 
same type as a protein comprising the amino acid sequence encoded by the nucleotide 
10 sequence shown in SEQ ED NO:2 or 4, respectively, although the properties and functions 
of variants can differ in degree. 

3md3 and/or 2hdl protein variants include glycosylated forms, aggregative 
conjugates with other molecules, and covalent conjugates with unrelated chemical moieties. 
3md3 and/or 2hdl protein variants also include allelic variants, species variants, and 
1 5 muteins. Truncations or deletions of regions which do not affect the differential expression 
of the 3md3 and/or 2hdl genes are also variants. Covalent variants can be prepared by 
linking functionalities to groups which are found in the amino acid chain or at the N- or 
C-terminal residue, as is known in the art. 

It will be recognized in the art that some amino acid sequence of the 3md3 
20 and/or 2hdl proteins of the invention can be varied without significant effect on the 
structure or function of the protein. If such differences in sequence are contemplated, it 
should be remembered that there are critical areas on the protein which determine activity. 
In general, it is possible to replace residues that form the tertiary structure, provided that 
residues performing a similar function are used. In other instances, the type of residue may 
25 be completely unimportant if the alteration occurs at a non-critical region of the protein. 
The replacement of amino acids can also change the selectivity of binding to cell surface 
receptors. Ostade et al., Nature 361: 266-268 (1993) describes certain mutations resulting 
in selective binding of TNF-alpha to only one of the two known types of TNF receptors. 
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Thus, the polypeptides of the present invention may include one or more amino acid 
substitutions, deletions or additions, either from natural mutations or human manipulation. 

The invention further includes variations of the 3md3 and/or 2hdl 
polypeptides which show comparable expression patterns or which include antigenic 
5 regions. Such mutants include deletions, insertions, inversions, repeats, and type 
substitutions. Guidance concerning which amino acid changes are likely to be 
phenotypically silent can be found in Bowie, J.U., et al., “Deciphering the Message in 
Protein Sequences: Tolerance to Amino Acid Substitutions,” Science 247:1306-1310 
(1990). 

10 Of particular interest are substitutions of charged amino acids with another 

charged amino acid and with neutral or negatively charged amino acids. The latter results 
in proteins with reduced positive charge to improve the characteristics of the disclosed 
protein. The prevention of aggregation is highly desirable. Aggregation of proteins not 
only results in a loss of activity but can also be problematic when preparing pharmaceutical 
15 formulations, because they can be immunogenic. (Pinckard et al., Clin. Exp. Immunol. 
2:331-340 (1967); Robbins et al., Diabetes 36:838-845 (1987); Cleland et al., Crit. Rev. 
Therapeutic Drug Carrier Systems 70:307-377 (1993)). 

Amino acids in the polypeptides of the present invention that are essential 
for function can be identified by methods known in the art, such as site-directed 
20 mutagenesis or alanine-scanning mutagenesis (Cunningham and Wells, Science 244: 1081- 
1085 (1989)). The latter procedure introduces single alanine mutations at every residue in 
the molecule. The resulting mutant molecules are then tested for biological activity such as 
binding to a natural or synthetic binding partner. Sites that are critical for ligand-receptor 
binding can also be determined by structural analysis such as crystallization, nuclear 
25 magnetic resonance or photoaffinity labeling (Smith et al., J. Mol. Biol. 224: 899-904 
(1992) and de Vos et al. Science 235:306-312 (1992)). 

As indicated, changes are preferably of a minor nature, such as conservative 
amino acid substitutions that do not significantly affect the folding or activity of the 
protein. Of course, the number of amino acid substitutions a skilled artisan would make 
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depends on many factors, including those described above. Generally speaking, the number 
of substitutions for any given polypeptide will not be more than 50, 40, 30, 25, 20, 15, 10, 5 
or 3. 

Fusion Proteins 

5 Fusion proteins comprising proteins or polypeptide fragments of 3md3 

and/or 2hdl can also be constructed. Fusion proteins are useful for generating antibodies 
against amino acid sequences and for use in various assay systems. For example, fusion 
proteins can be used to identify proteins which interact with a protein of the invention or 
which interfere with its biological function. Physical methods, such as protein affinity 
10 chromatography, or library-based assays for protein-protein interactions, such as the yeast 
two-hybrid or phage display systems, can also be used for this purpose. Such methods are 
well known in the art and can also be used as drug screens. Fusion proteins comprising a 
signal sequence and/or a transmembrane domain of 3md3 and/or 2hdl or a fragment 
thereof can be used to target other protein domains to cellular locations in which the 
15 domains are not normally found, such as bound to a cellular membrane or secreted 
extracellularly. 

A fusion protein comprises two protein segments fused together by means of 
a peptide bond. Amino acid sequences for use in fusion proteins of the invention can be 
utilize the amino acid sequence shown in SEQ ID NO:2 or 4 or can be prepared from 
20 biologically active variants of SEQ ID NO:2 or 4, such as those described above. The first 
protein segment can include of a full-length 3md3 and/or 2hdl. 

Other first protein segments can consist of at least 8, 10, 12, 15, 18, 19, 20, 
25, 50, 75, 100, 125, 130, 140, 150, 160, 170, 180, 190, 200, 250, 300, 350, 400, 450, 500, 
550, 560, 570 or 580 contiguous amino acids from SEQ ID NO:2. 

25 The second protein segment can be a full-length protein or a p olypeptide 

fragment. Proteins commonly used in fusion protein construction include P-galactosidase, 
P-glucuronidase, green fluorescent protein (GFP), autofluorescent proteins, including blue 
fluorescent protein (BFP), glutathione-S-transferase (GST), luciferase, horseradish 
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peroxidase (HRP), and chloramphenicol acetyltransferase (CAT). Additionally, epitope 
tags can be used in fusion protein constructions, including histidine (His) tags, FLAG tags, 
influenza hemagglutinin (HA) tags, Myc tags, VSV-G tags, and thioredoxin (Trx) tags. 
Other fusion constructions can include maltose binding protein (MBP), S-tag, Lex a DNA 
5 binding domain (DBD) fusions, GAL4 DNA binding domain fusions, and herpes simplex 
virus (HSV) BP 16 protein fusions. 

These fusions can be made, for example, by covalently linking two protein 
segments or by standard procedures in the art of molecular biology. Recombinant DNA 
methods can be used to prepare fusion proteins, for example, by making a DNA construct 
10 which comprises a coding sequence of SEQ ID NO:l or 3 in proper reading frame with a 
nucleotide e ncoding t he s econd p rotein s egment a nd e xpressing t he D NA c onstruct i n a 
host cell, as is known in the art. Many kits for constructing fusion proteins are available 
from companies that supply research labs with tools for experiments, including, for 
example, Promega Corporation (Madison, WI), Stratagene (La Jolla, CA), Clontech 
15 (Mountain View, CA), Santa Cruz Biotechnology (Santa Cruz, CA), MBL International 
Corporation (MIC; Watertown, MA), and Quantum Biotechnologies (Montreal, Canada; 1- 
888-DNA-KITS). 

Isolation and Production of 3md3 

3md3 is expressed in human microvascular endothelial cells and can be 
20 extracted from these cells or from other human cells, such as recombinant cells comprising 
SEQ ID NO:l using standard biochemical methods. These methods include, but are not 
limited to, size exclusion chromatography, ammonium sulfate fractionation, ion exchange 
chromatography, affinity chromatography, crystallization, electrofocusing, and preparative 
gel electrophoresis. The isolated and purified protein or polypeptide is separated from other 
25 compounds which normally associate with the protein or polypeptide in a cell, such as other 
proteins, carbohydrates, lipids, or subcellular organelles. A preparation of isolated and 
purified protein or polypeptide is at least 80% pure; preferably, the preparations are 90%, 
95%, or 99% pure. Purity of the preparations can be assessed by any means known in the 
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art. For example, the purity of a preparation can be assessed by examining 
electrophoretograms of protein or polypeptide preparations at several pH values and at 
several polyacrylamide concentrations, as is known in the art. 

Proteins, fusion proteins, or polypeptides of the invention can be produced 
5 by recombinant DNA methods. For production of recombinant proteins, fusion proteins, or 
polypeptides, a coding sequence of the nucleotide sequence shown in SEQ ID NO: 1 or 3 
can be expressed in prokaryotic or eukaryotic host cells using expression systems known in 
the art. These expression systems include bacterial, yeast, insect, and mammalian cells. 

The resulting expressed 3md3 and/or 2hdl proteins can then be purified 
10 from the culture medium or from extracts of the cultured cells using purification procedures 
known in the art. For example, for proteins fully secreted into the culture medium, cell-free 
medium can be diluted with sodium acetate and contacted with a cation exchange resin, 
followed by hydrophobic interaction chromatography. Using this method, the desired 
protein or polypeptide is typically greater than 95% pure. Further purification can be 
15 undertaken, using, for example, any of the techniques listed above. 

It may be necessary to modify a protein produced in yeast or bacteria, for 
example by phosphorylation or glycosylation of the appropriate sites, in order to obtain a 
functional protein. Such covalent attachments can be made using known chemical or 
enzymatic methods. 

20 3md3 and/or 2hdl protein or polypeptide of the invention can also be 

expressed in cultured host cells in a form which will facilitate purification. For example, a 
protein or polypeptide can be expressed as a fusion protein comprising, for example, 
maltose binding protein, glutathione-S-transferase, or thioredoxin, and purified using a 
commercially available kit. Kits for expression and purification of such fusion proteins are 
25 available from companies such as New England BioLabs, Pharmacia, and Invitrogen. 
Proteins, fusion proteins, or polypeptides can also be tagged with an epitope, such as a 
“Flag” epitope (Kodak), and purified using an antibody which specifically binds to that 
epitope. 
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The coding sequence disclosed herein can also be used to construct 
transgenic animals, such as cows, goats, pigs, or sheep. F emale transgenic animals can 
then produce proteins, polypeptides, or fusion proteins of the invention in their milk. 
Methods for constructing such animals are known and widely used in the art. 

5 Alternatively, synthetic chemical methods, such as solid phase peptide 

synthesis, can be used to synthesize a secreted protein or polypeptide. General means for 
the production of peptides, analogs or derivatives are outlined in Chemistry and 
Biochemistry of Amino Acids, Peptides, and Proteins — A Survey of Recent Developments, 
B. Weinstein, ed. (1983). Substitution of D-amino acids for the normal L-stereoisomer can 
10 be carried out to increase the half-life of the molecule. Variants can be similarly produced. 

Isolated genes corresponding to the cDNA sequences disclosed herein are 
also provided. Standard molecular biology methods can be used to isolate the 
corresponding genes using the cDNA sequences provided herein. These methods include 
preparation of probes or primers from the nucleotide sequence shown in SEQ ID NO:l or 3 
15 for use in identifying or amplifying the genes from human genomic libraries or other 
sources of human genomic DNA. 

Polynucleotide molecules of the invention can also be used as primers to 
obtain additional copies of the polynucleotides, using polynucleotide amplification 
methods. Polynucleotide molecules can be propagated in vectors and cell lines using 
20 techniques well known in the art. Polynucleotide molecules can be on linear or circular 
molecules. They can be on autonomously replicating molecules or on molecules without 
replication sequences. They can be regulated by their own or by other regulatory 
sequences, as is known in the art. 

Polynucleotide Constructs 

25 Polynucleotide molecules comprising the coding sequences disclosed herein 

can be used in a polynucleotide construct, such as a DNA or RNA construct. 
Polynucleotide molecules of the invention can be used, for example, in an expression 
construct to express all or a portion of a secreted protein, variant, fusion protein, or single- 
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chain antibody in a host cell. An expression construct comprises a promoter which is 
functional in a chosen host cell. The skilled artisan can readily select an appropriate 
promoter from the large number of cell type-specific promoters known and used in the art. 
The expression construct can also contain a transcription terminator which is functional in 
5 the host cell. The expression construct comprises a polynucleotide segment which encodes 
all or a portion of the desired protein. The polynucleotide segment is located downstream 
from the promoter. Transcription of the polynucleotide segment initiates at the promoter. 
The expression construct can be linear or circular and can contain sequences, if desired, for 
autonomous replication. 

10 Host Cells 

An expression construct can be introduced into a host cell. The host cell 
comprising the expression construct can be any suitable prokaryotic or eukaryotic cell. 
Expression systems in bacteria include those described in Chang et al., Nature (1978) 275: 
615; Goeddel et al, Nature (1979) 281: 544; Goeddel et al, Nucleic Acids Res. (1980) 8: 
15 4057; EP 36,776; U.S. 4,551,433; deBoer et al, Proc. Natl Acad. Sci. USA (1983) 80: 21- 

25; and Siebenlist et al, Cell (1980) 20: 269. 

Expression systems in yeast include those described in Hinnen et al., Proc. 
Natl Acad. Sci. USA (1978) 75: 1929; Ito et al, J. Bacteriol. (1983) 153: 163; Kurtz et al, 
Mol. Cell. Biol (1986) 6: 142; Kunze et al., J Basic Microbiol. (1985) 25: 141; Gleeson et 
20 al., J. Gen. Microbiol. (1986) 132: 3459, Roggenkamp et al.. Mol. Gen. Genet. (1986) 202 
:302); Das et al., J Bacteriol. (1984) 158: 1165; De Louvencourt et al., J. Bacteriol. (1983) 
154: 737, Van den Berg et al, Bio/Technology (1990) 8: 135; Kunze et al, J. Basic 
Microbiol (1985) 25: 141; Cregg et al, Mol. Cell. Biol. (1985) 5: 3376; U.S. 4,837,148; 
U.S. 4,929,555; Beach and Nurse, Nature (1981) 300: 706; Davidow et al., Curr. Genet. 
25 (1985) lp: 380; Gaillardin et al, Curr. Genet. (1985) 10: 49; Ballance et al., Biochem. 

• Biophys. Res. Commun. (1983) 1 12: 284-289; Tilbum et al. Gene (1983) 26: 205-22;, 
Yelton et al, Proc. Natl. Acad. Sci. USA (1984) 81: 1470-1474; Kelly and Hynes, EMBOJ. 
(1985) 4: 475479; EP 244,234; and WO 91/00357. 
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Expression of heterologous genes in insects can be accomplished as 
described in U.S. 4,745,051; Friesen et al. (1986) “The Regulation of Baculovirus Gene 
Expression” in: THE MOLECULAR BIOLOGY OF BACULOVIRUSES (W. Doerfler, 
ed.); EP 127,839; EP 155,476; Vlak et al., J. Gen. Virol. (1988) 69: 765-776; Miller et al., 
5 Ann. Rev. Microbiol. (1988) 42: 177; Carbonell et al., Gene (1988) 73: 409; Maeda et al., 
Nature (1985) 315: 592-594; Lebacq-Verheyden et al., Mol. Cell Biol. (1988) 8: 3129; 
Smith et al., Proc. Natl. Acad. Sci. USA (1985) 82: 8404; Miyajima et al.. Gene (1987) 58: 
273; and Martin et al., DNA (1988) 7:99. Numerous baculoviral strains and variants and 
corresponding permissive insect host cells from hosts are described in Luckow et al., 
1 0 Bio/Technology (1988) 6: 47-55, Miller et al., in GENERIC ENGINEERING (Setlow, J.K. 
et al. eds.), Vol. 8 (Plenum Publishing, 1986), pp. 277-279; and Maeda et al.. Nature, 
(1985) 315: 592-594. 

Mammalian expression can be accomplished as described in Dijkema et al., 
EMBO J. (1985) 4: 761; Gorman et al., Proc. Natl. Acad. Sci. USA (1982b) 79: 6777; 
15 Boshart et al., Cell (1985) 41: 521; and U.S. 4,399,216. Other features of mammalian 
expression can be facilitated as described in Ham and Wallace, Meth Enz. (1979) 58: 44; 
Barnes and Sato, Anal. Biochem. (1980) 102: 255; U.S. 4,767,704; U.S. 4,657,866; U.S. 
4,927,762; U.S. 4,560,655; WO 90/103430, WO 87/00195, and U.S. RE 30,985. 

Expression constructs can be introduced into host cells using any technique 
20 known in the art. These techniques include transferrin-polycation-mediated DNA transfer, 
transfection with naked or encapsulated nucleic acids, liposome-mediated cellular fusion, 
intracellular transportation o f DNA-coated 1 atex b eads, p rotoplast fusion, viral infection, 
electroporation, “gene gun,” and calcium phosphate-mediated transfection. 

Expression of an endogenous gene encoding a protein of the invention can 
25 also be manipulated by introducing by homologous recombination a DNA construct 
comprising a transcription unit in frame with the endogenous gene, to form a homologously 
recombinant cell comprising the transcription unit. The transcription unit comprises a 
targeting sequence, a regulatory sequence, an exon, and an unpaired splice donor site. The 
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new transcription unit can be used to turn the endogenous gene on or off as desired. This 
method of affecting endogenous gene expression is taught in U.S. Patent 5,641,670. 

The targeting sequence is a segment of at least 10, 12, 15, 20, or 50 
contiguous nucleotides from the nucleotide sequence shown in SEQ ID NO:l or 3. The 
5 transcription unit is located upstream to a coding sequence of the endogenous gene. The 
exogenous regulatory sequence directs transcription of the coding sequence of the 
endogenous gene. 

Expression of Polypeptide Encoded by Full-Length cDNA or Full-Length Gene 

The provided polynucleotides ( e.g ., a polynucleotide having a sequence of 
10 one of SEQ ID NOs:l and 3), the corresponding cDNA, or the full-length gene is used to 
express a partial or complete gene product. Constructs of polynucleotides having 
sequences of SEQ ID NOs:l and 3 can be generated synthetically. Alternatively, single- 
step assembly of a gene and entire plasmid from large numbers of 
oligodeoxyribonucleotides is described by, e.g., Stemmer et al.. Gene ( Amsterdam ) (1995) 
15 764(7):49-53. In this method, assembly PCR (the synthesis of long DNA sequences from 

large numbers of oligodeoxyribonucleotides) is derived from DNA shuffling (Stemmer, 
Nature (1994) 576:389-391). 

Appropriate polynucleotide constructs are purified using standard 
recombinant DNA techniques as described in, for example, Sambrook et al.. Molecular 
20 Cloning: A Laboratory Manual, 2nd Ed., (1989) Cold Spring Harbor Press, Cold Spring 
Harbor, NY. The gene product encoded by a polynucleotide of the invention is expressed 
in any expression system, including, for example, bacterial, yeast, insect, amphibian and 
mammalian systems. Vectors, host cells and methods for obtaining expression in same are 
well known in the art. Suitable vectors and host cells are described in U.S. Patent 
25 No. 5,654,173. 

Polynucleotide molecules comprising a polynucleotide sequence provided 
herein are generally propagated by placing the molecule in a vector. Viral and non-viral 
vectors are used, including plasmids. The choice of plasmid will depend on the type of cell 
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in which propagation is desired and the purpose of propagation. Certain vectors are useful 
for amplifying and making large amounts of the desired DNA sequence. Other vectors are 
suitable for expression in cells in culture. Still other vectors are suitable for transfer and 
expression in cells in a whole animal or person. The choice of appropriate vector is well 
5 within the skill of the art. Many such vectors are available commercially. Methods for 
preparation of vectors comprising a desired sequence are well known in the art. 

The polynucleotides set forth in SEQ ID NOs:l and 3 or their corresponding 
full-length polynucleotides are linked to regulatory sequences as appropriate to obtain the 
desired expression properties. These can include promoters (attached either at the 5' end of 
10 the sense strand or at the 3’ end of the antisense strand), enhancers, terminators, operators, 
repressors, and inducers. The promoters can be regulated or constitutive. In some 
situations it may be desirable to use conditionally active promoters, such as tissue-specific 
or developmental stage-specific promoters. These are linked to the desired nucleotide 
sequence using the techniques described above for linkage to vectors. Any techniques 
15 known in the art can be used. 

When any appropriate host cells or organisms are used to replicate and/or 
express the polynucleotides or nucleic acids of the invention, the resulting replicated 
nucleic acid, RNA, expressed protein or polypeptide, is within the scope of the invention as 
a product of the host cell or organism. The product is recovered by any appropriate means 
20 known in the art. 

Expression of a gene corresponding to SEQ ID NO:l or 3 can be regulated 
in the cell to which the gene is native. For example, an endogenous gene of a cell can be 
regulated by an exogenous regulatory sequence as disclosed in U.S. Patent No. 5,641,670. 

Antibody Production 

25 Expression products of a polynucleotide of the invention, as well as the 

corresponding mRNA, cDNA, or full gene, can be prepared and used for raising anti-bodies 
for experimental, diagnostic, and therapeutic purposes. For example, antibodies can be 
generated using fusion proteins or peptide sequences derived from the corresponding 
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protein. The polynucleotide or related cDNA is expressed as described above, and 
antibodies are prepared. These antibodies are specific to an epitope on the polypeptide 
encoded by the polynucleotide, and can precipitate or bind to the corresponding native 
protein in a cell or tissue preparation or in a cell-free extract of an in vitro expression 
5 system. 

Methods for production of monoclonal and polyclonal antibodies that 
specifically bind a selected antigen are well known in the art. Typically, at least 6, 8, 10, or 
12 contiguous amino acids are required to form an epitope. E pitopes that involve non- 
contiguous amino acids may require a longer polypeptide, e.g., at least 15, 25, or 50 amino 
10 acids. Antibodies that specifically bind to human polypeptides encoded by the provided 
polynucleotides should provide a detection signal at least 5-, 10-, or 20-fold higher than a 
detection signal provided with other proteins when used in Western blots or other 
immunochemical assays. Preferably, antibodies that specifically bind poly-peptides of the 
invention do not bind to other proteins in immunochemical assays at detectable levels and 
1 5 can immunoprecipitate the specific polypeptide from solution. 

The invention also contemplates naturally occurring antibodies specific for a 
polypeptide of the invention. For example, serum antibodies to a polypeptide of the 
invention in a human population can be purified by methods well known in the art, e.g., by 
passing antiserum over a column to which the corresponding selected polypeptide or fusion 
20 protein is bound. The bound antibodies can then be eluted from the column, for example 
using a buffer with a high salt concentration. 

In addition to the antibodies discussed above, the invention also 
contemplates genetically engineered antibodies, antibody derivatives (e.g., single chain 
antibodies, antibody fragments (e.g.. Fab, etc.)), according to methods well known in the 
25 art. 

In c ertain embodiments of the present invention, humanized anti-3md3 or 
2hdl monoclonal antibodies are provided. The phrase “humanized antibody” refers to an 
antibody derived from a non-human antibody, typically a mouse monoclonal antibody. 
Alternatively, a humanized antibody may be derived from a chimeric antibody that retains 
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or substantially retains the antigen-binding properties of the parental, non-human, antibody 
but which exhibits diminished immunogenicity as compared to the parental antibody when 
administered to humans. The phrase “chimeric antibody,” as used herein, refers to an 
antibody containing sequence derived from two different antibodies (see, e.g., U.S. Patent 
5 No. 4,816,567) which typically originate from different species. Most typically, chimeric 
antibodies comprise human and murine antibody fragments, generally human constant and 
mouse variable regions. 

Because humanized antibodies are far less immunogenic in humans than the 
parental mouse monoclonal antibodies, they can be used for the treatment of humans with 
10 far less risk of anaphylaxis. Thus, these antibodies may be preferred in therapeutic 
applications that involve in vivo administration to a human such as, e.g., use as radiation 
sensitizers for the treatment of neoplastic disease or use in methods to reduce the side 
effects of, e.g., cancer therapy. 

Humanized antibodies may be achieved by a variety of methods including, 
15 for example: (1) grafting the non-human complementarity determining regions (CDRs) 
onto a human framework and constant region (a process referred to in the art as 
“humanizing”), or, alternatively, (2) transplanting the entire non-human variable domains, 
but “cloaking” them with a human-like surface by replacement of surface residues (a 
process referred to in the art as “veneering”). In the present invention, humanized 
20 antibodies will include both “humanized” and “veneered” antibodies. These methods are 
disclosed in, e.g., Jones et al., Nature 321: 522-525 (1986); Morrison et al., Proc. Natl. 
Acad. Sci., U.S.A., §7:6851-6855 (1984); Morrison and Oi, Adv. Immunol., 44: 65-92 
(1988); Verhoeyer et al.. Science 239: 1534-1536 (1988); Padlan, Molec. Immun. 28: 489- 
498 (1991); Padlan, Molec. Immunol. 31(3): 169-217 (1994); and Kettleborough, C.A. et al., 
25 Protein Eng. 4(7):773-83 (1991) each of which is incorporated herein by reference. 

The phrase “complementarity determining region” refers to amino acid 
sequences which together define the binding affinity and specificity of the natural Fv region 
of a native immunoglobulin binding site. See, e.g., Chothia et al., J. Mol. Biol. 79(5:901- 
917 (1987); Rabat et al., U.S. Dept, of Health and Human Services NIH Publication No. 
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91-3242 (1991). The phrase “constant region” refers to the portion of the antibody 
molecule that confers effector functions. In the present invention, mouse constant regions 
are substituted by human constant regions. The constant regions of the subject humanized 
antibodies are derived from human immunoglobulins. The heavy chain constant region can 
5 be selected from any of the five isotypes: alpha, delta, epsilon, gamma or mu. 

One method of humanizing antibodies comprises aligning the non-human 
heavy and light chain sequences to human heavy and light chain sequences, selecting and 
replacing the non-human framework with a human framework based on such alignment, 
molecular modeling to predict the conformation of the humanized sequence and comparing 
10 to the conformation of the parent antibody. This process is followed by repeated back 
mutation of residues in the CDR region which disturb the structure of the CDRs until the 
predicted conformation of the humanized sequence model closely approximates the 
conformation of the non-human CDRs of the parent non-human antibody. Such humanized 
antibodies may be further derivatized to facilitate uptake and clearance, e.g., via Ashwell 
15 receptors. See, e.g, U.S. Patent Nos. 5,530,101 and 5,585,089 which patents are 
incorporated herein by reference. 

Humanized antibodies to 3md3 and/or 2hdl can also be produced using 
transgenic animals that are engineered to contain human immunoglobulin loci. For 
example, WO 98/24893 discloses transgenic animals having a human Ig locus wherein the 
20 animals do not produce functional endogenous immunoglobulins due to the inactivation of 
endogenous heavy and light chain loci. WO 91/10741 also discloses transgenic non- 
primate mammalian hosts capable of mounting an immune response to an immunogen, 
wherein the antibodies have primate constant and/or variable regions, and wherein the 
endogenous immunoglobulin-encoding loci are substituted or inactivated. WO 96/30498 
25 discloses the use of the Cre/Lox system to modify the immunoglobulin locus in a mammal, 
such as to replace all or a portion of the constant or variable region to form a modified 
antibody molecule. WO 94/02602 discloses non-human mammalian hosts having 
inactivated endogenous Ig loci and functional human Ig loci. U.S. Patent No. 5,939,598 
discloses methods of making transgenic mice in which the mice lack endogenous heavy 
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claims, and express an exogenous immunoglobulin locus comprising one or more 
xenogeneic constant regions. 

Using a transgenic animal described above, an immune response can be 
produced to a selected antigenic molecule, and antibody-producing cells can be removed 
5 from the animal and used to produce hybridomas that secrete human monoclonal 
antibodies. Immunization protocols, adjuvants, and the like are known in the art, and are 
used in immunization of, for example, a transgenic mouse as described in WO 96/33735. 
This publication discloses monoclonal antibodies against a variety of antigenic molecules 
including IL-6, IL-8, TNFa, human CD4, L-selectin, gp39, and tetanus toxin. The 
10 monoclonal antibodies can be tested for the ability to inhibit or neutralize the biological 
activity or physiological effect of the corresponding protein. WO 96/33735 discloses that 
monoclonal antibodies against EL-8, derived from immune cells of transgenic mice 
immunized with EL-8, blocked IL-8-induced functions of neutrophils. Human monoclonal 
antibodies with specificity for the antigen used to immunize transgenic animals are also 
15 disclosed in WO 96/34096. 

In the present invention, 3md3 and/or 2 hdl polypeptides of the invention 
and variants thereof are used to immunize a transgenic animal as described above. 
Monoclonal antibodies are made using methods known in the art, and the specificity of the 
antibodies is tested using corresponding isolated 3md3 and/or 2hdl polypeptides. 

20 Polynucleotides or Arrays for Diagnostics 

Polynucleotide arrays are created by spotting polynucleotide probes onto a 
substrate ( e.g ., glass, nitrocellose, etc.) in a two-dimensional matrix or array having bound 
probes. The probes can be bound to the substrate by either covalent bonds or by non- 
specific interactions, such as hydrophobic interactions. Samples of polynucleotides can be 
25 detectably labeled (e.g., using radioactive or fluorescent labels) and then hybridized to the 
probes. Double stranded polynucleotides, comprising the labeled sample polynucleotides 
bound to probe polynucleotides, can be detected once the unbound portion of the sample is 
washed away. Techniques for constructing arrays and methods of using these arrays are 
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described in EP 799 897; WO 97/29212; WO 97/27317; EP 785 280; WO 97/02357; U.S. 
Patent No. 5,593,839; U.S. Patent No. 5,578,832; EP 728 520; U.S. Patent No. 5,599,695; 
EP 721 016; U.S. Patent No. 5,556,752; WO 95/22058; and U.S. Patent No. 5,631,734. 
Arrays can be used to detect differential expression of a polynucleotide between a test cell 
5 and control cell ( e.g cancer cells and normal cells). For example, high expression of a 
particular message in a cancer cell, which is not observed in a corresponding normal cell, 
can indicate a cancer specific gene product. Exemplary uses of arrays are further described 
in, for example, Pappalarado et al., Sent. Radiation Oncol. (1998) 5:217; and Ramsay, 
Nature Biotechnol. (1998) 7<5:40. 

10 Differential Expression in Diagnosis 

The polynucleotides of the invention can also be used to detect differences 
in expression levels between two cells, e.g., as a method to identify abnormal or diseased 
tissue in a human. In general, the expression of a gene corresponding to a specific 
polynucleotide is compared between a first tissue that is suspected of being diseased and a 
15 second, normal tissue of the human. The tissue suspected of being abnormal or diseased 
can be derived from a different tissue type of the human, but preferably it is derived from 
the same tissue type; for example an intestinal polyp or other abnormal growth should be 
compared with normal intestinal tissue. The normal tissue can be the same tissue as that of 
the test sample, or any normal tissue of the patient, especially those that express the 
20 polynucleotide-related gene of interest {e.g., brain, thymus, testis, heart, prostate, placenta, 
spleen, small intestine, skeletal muscle, pancreas, breast, ovary, lung, and the mucosal 
lining of the colon). A difference between the polynucleotide-related gene, mRNA, or 
protein in the two tissues which are compared, for example in molecular weight, amino 
acid or nucleotide sequence, or relative abundance, indicates a change in the gene, or a gene 
25 which regulates it, in the tissue of the human that was suspected of being diseased. 
Examples of detection of differential expression and its use in diagnosis of cancer are 
described in U.S. Patent Nos. 5,688,641 and 5,677,125. 
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Because mutations and defects in the Notch pathway are implicated in 
developmental disorders, a genetic predisposition to Notch pathway-related disease in a 
human can also be detected by comparing expression levels of an mRNA or protein 
corresponding to a polynucleotide of the invention in a fetal tissue, with levels in normal 
5 fetal tissue. Fetal tissues that are used for this purpose include, but are not limited to, 
amniotic fluid, chorionic villi, blood, and the blastomere of an in vitro - fertilized embryo. 
The comparable normal polynucleotide-related gene is obtained from any tissue. The 
mRNA or protein is obtained from a normal tissue of a human in which the polynucleotide- 
related gene is expressed. Differences such as alterations in the nucleotide sequence or size 
10 of the same product of the fetal polynucleotide-related gene or mRNA, or alterations in the 
molecular weight, amino acid sequence, or relative abundance of fetal protein, can indicate 
a germline mutation in the polynucleotide-related gene of the fetus, which indicates a 
genetic predisposition to disease. 

In general, diagnostic, prognostic, and other methods of the invention based 
15 on differential expression involve detection of a level or amount of a gene product, 
particularly a differentially expressed gene product, in a test sample obtained from a patient 
suspected of having or being susceptible to a disease ( e.g ., breast cancer, lung cancer, colon 
cancer and/or metastatic forms thereof), and comparing the detected levels to those levels 
found in normal cells (e.g., cells substantially unaffected by cancer) and/or other control 
20 cells (e.g., to differentiate a cancerous cell from a cell affected by dysplasia). Furthermore, 
the severity of the disease can be assessed by comparing the detected levels of a 
differentially expressed gene product with those levels detected in samples representing the 
levels of differentially gene product associated with varying degrees of severity of disease. 
It should be noted that use of the term “diagnostic” herein is not necessarily meant to 
25 exclude “prognostic” or “prognosis,” but rather is used as a matter of convenience. 

The term “differentially expressed gene” is generally intended to encompass 
a polynucleotide that can, for example, include an open reading frame encoding a gene 
product (e.g., a polypeptide), and/or introns of such genes and adjacent 5' and 3' non-coding 
nucleotide sequences involved in the regulation of expression, up to about 20 kb beyond 



30 




59516-159/PP-01602 



the coding region, but possibly further in either direction. The gene can be introduced into 
an appropriate vector for extrachromosomal maintenance or for integration into a host 
genome. In general, a difference in expression level associated with a decrease in 
expression level of at least about 25%, usually at least about 50% to 75%, more usually at 
5 least about 90% or more is indicative of a differentially expressed gene of interest, i.e., a 
gene that is underexpressed or down-regulated in the test sample relative to a control 
sample. Furthermore, a difference in expression level associated with an increase in 
expression of at least about 25%, usually at least about 50% to 75%, more usually at least 
about 90% and can be at least about 1 '/ 2 -fold, usually at least about 2-fold to about 10-fold, 
10 or about 100-fold to about l, 000- fold increase relative to a control sample is indicative of a 
differentially expressed gene of interest, i.e., an overexpressed or up-regulated gene. 

“Differentially expressed polynucleotide” as used herein means a nucleic 
acid molecule (RNA or DNA) comprising a sequence that represents a differentially 
expressed gene, e.g., the differentially expressed polynucleotide comprises a sequence (e.g., 
15 an open reading frame encoding a gene product) that uniquely i dentifies a differentially 
expressed gene so that detection of the differentially expressed polynucleotide in a sample 
is correlated with the presence of a differentially expressed gene in a sample. 
“Differentially expressed polynucleotides” is also meant to encompass fragments of the 
disclosed polynucleotides, e.g., fragments retaining biological activity, as well as nucleic 
20 acids homologous, substantially similar, or substantially identical (e.g., having about 90% 
sequence identity) to the disclosed polynucleotides. 

“Diagnosis” as used herein generally includes determination of a subject's 
susceptibility to a disease or disorder, determination as to whether a subject is presently 
affected by a disease or disorder, as well as the prognosis of a subject affected by a disease 
25 or disorder (e.g., identification of pre-metastatic or metastatic cancerous states, stages of 
cancer, or responsiveness of cancer to therapy). 

“Sample” or “biological sample” as used throughout here are generally 
meant to refer to samples of biological fluids or tissues, particularly samples obtained from 
tissues, especially from cells of the type associated with the disease for which the 
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diagnostic application is designed, and the like. “ Samples” is also meant to encompass 
derivatives and fractions of such samples ( e.g ., cell lysates). Where the sample is solid 
tissue, the cells of the tissue can be dissociated or tissue sections can be analyzed. 

Methods of the subject invention useful in diagnosis or prognosis typically 
5 involve comparison of the abundance of a selected differentially expressed gene product in 
a sample of interest with that of a control to determine any relative differences in the 
expression of the gene product, where the difference can be measured qualitatively and/or 
quantitatively. Quantitation can be accomplished, for example, by comparing the level of 
expression product detected in the sample with the amounts of product present in a 
10 standard curve. A comparison can be made visually; by using a technique such as 
densitometry, with or without computerized assistance; by preparing a representative 
library of cDNA clones of mRNA isolated from a test sample, sequencing the clones in the 
library to determine that number of cDNA clones corresponding to the same gene product, 
and analyzing the number of clones corresponding to that same gene product relative to the 
15 number of clones of the same gene product in a control sample; or by using an array to 
detect relative levels of hybridization to a selected sequence or set of sequences, and 
comparing the hybridization pattern to that of a control. The differences in expression are 
then correlated with the presence or absence of an abnormal expression pattern. Various 
methods for determining the nucleic acid abundance in a sample are known to those of skill 
20 in the art (see, e.g., WO 97/27317). In general, diagnostic assays of the invention involve 
detection of a gene product of the polynucleotide sequence (e.g., mRNA or polypeptide) 
that corresponds to a sequence of SEQ ID NOs:l and 3. The patient from whom the 
sample is obtained can be apparently healthy, susceptible to disease (e.g., as determined by 
family history or exposure to certain environmental factors), or can already be identified as 
25 having a condition in which altered expression of a gene product of the invention is 
implicated. 

Diagnosis can be determined based on detected gene product expression 
levels of a gene product encoded by at least one of the polynucleotides having a sequence 
set forth in SEQ ID NOs:l and 3, and can involve detection of expression of genes 
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corresponding to all of SEQ ID NOs:l and 3 and/or additional sequences that can serve as 
additional diagnostic markers and/or reference sequences. Where the diagnostic method is 
designed to detect the presence or susceptibility of a patient to cancer, the assay preferably 
involves detection of a gene product encoded by a gene corresponding to a polynucleotide 
5 that is differentially expressed in cancer. 

Any of a variety of detectable labels can be used in connection with the 
various embodiments of the diagnostic methods of the invention. Suitable detectable labels 
include fluorochromes, (e.g., fluorescein isothiocyanate (FITC), rhodamine, Texas Red, 
phycoerythrin, allophycocyanin, 6-carboxyfluorescein (6-FAM), 2’,7’-dimethoxy-4’,5’- 
10 dichloro-6-carboxyfluorescein, 6-carboxy-X-rhodamine (ROX), 6-carboxy-2’,4’,7’,4,7- 
hexachlorofluorescein (HEX), 5-carboxyfluorescein (5-FAM) or N,N,N’,N’-tetramethyl-6- 
carboxyrhodamine (TAMRA)), radioactive labels, (e.g., 32 P, 35 S, 3 H, etc.), and the like. 
The detectable label can involve a two stage systems (e.g., biotin-avidin, hapten-anti-hapten 
antibody, etc.) 

15 Reagents specific for the polynucleotides and polypeptides of the invention, 

such as antibodies and nucleotide probes, can be supplied in a kit for detecting the presence 
of an expression product in a biological sample. The kit can also contain buffers or 
labeling components, as well as instructions for using the reagents to detect and quantify 
expression products in the biological sample. Exemplary embodiments of the diagnostic 
20 methods of the invention are described below in more detail. 

Polypeptide detection in diagnosis. In one embodiment, the test sample is 
assayed for the level of a differentially expressed polypeptide. Diagnosis can be 
accomplished using any of a number of methods to determine the absence or presence or 
altered amounts of the differentially expressed polypeptide in the test sample. For example, 
25 detection can utilize staining of cells or histological sections with labeled antibodies, 
performed in accordance with conventional methods. Cells can be permeabilized to stain 
cytoplasmic molecules. In general, antibodies that specifically bind a differentially 
expressed polypeptide of the invention are added to a sample, and incubated for a period of 
time sufficient to allow binding to the epitope, usually at least about 10 minutes. The 
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antibody can be detectably labeled for direct detection ( e.g ., using radioisotopes, enzymes, 
fluorescers, chemiluminescers, and the like), or can be used in conjunction with a second 
stage antibody or reagent to detect binding (e.g., biotin with horseradish peroxidase- 
conjugated avidin, a secondary antibody conjugated to a fluorescent compound, e.g., 
5 fluorescein, rhodamine, Texas red, etc.). The absence or presence of antibody binding can 
be determined by various methods, including flow cytometry of dissociated cells, 
microscopy, radiography, scintillation counting, etc. Any suitable alternative methods of 
qualitative or quantitative detection of levels or amounts of differentially expressed 
polypeptide can be used, for example ELISA, western blot, immunoprecipitation, 
10 radioimmunoassay, etc. 

mRNA detection. The diagnostic methods of the invention can also or 
alternatively involve detection of mRNA encoded by the 3md3 and/or 2hdl gene. Any 
suitable qualitative or quantitative methods known in the art for detecting specific mRNAs 
can be used. mRNA can be detected by, for example, in situ hybridization in tissue 
1 5 sections, b y r everse t ranscriptase-PCR, o r i n N orthem blots containing poly A+ mRNA. 

One of skill in the art can readily use these methods to determine differences in the size or 
amount of mRNA transcripts between two samples. mRNA expression levels in a sample 
can also be determined by generation of a library of expressed sequence tags (ESTs) from 
the sample, where the EST library is representative of sequences present in the sample 
20 (Adams, et al., (1991) Science 252: 1651). Enumeration of the relative representation of 
ESTs within the library can be used to approximate the relative representation of the gene 
transcript within the starting sample. The results of EST analysis of a test sample can then 
be compared to EST analysis of a reference sample to determine the relative expression 
levels of a selected polynucleotide, particularly a polynucleotide corresponding to one or 
25 more of the differentially expressed genes described herein. Alternatively, gene expression 
in a test sample can be performed using serial analysis of gene expression (SAGE) 
methodology (e.g., Velculescu et al., Science (1995) 270:484), differential display 
methodology (see, e.g., U.S. Patent Nos. 5,776,683 and 5, 807, 680), or DNA microarray 
methodology. 
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Alternatively, gene expression can be analyzed using hybridization analysis. 
Oligonucleotides or cDNA can be used to selectively identify or capture DNA or RNA of 
specific sequence composition, and the amount of RNA or cDNA hybridized to a known 
capture sequence determined qualitatively or quantitatively, to provide information about 
5 the relative representation of a particular message within the pool of cellular messages in a 
sample. 

Use of a single gene in diagnostic applications. The diagnostic methods of 
the invention can focus on the expression of a single differentially expressed gene 
represented by SEQ ID NO:l or 3. For example, the diagnostic method can involve 
10 detecting a differentially expressed gene, or a polymorphism of such a gene ( e.g ., a 
polymorphism in a coding region or control region), that is associated with disease. 
Disease-associated polymorphisms can include deletion or truncation of the gene, 
mutations that alter expression level and/or affect binding specificity, such as interaction of 
the encoded protein with Notch receptor. 

15 A number of methods are available for analyzing nucleic acids for the 

presence of a specific sequence, e.g., a disease associated polymorphism. Where large 
amounts of DNA are available, genomic DNA is used directly. Alternatively, the region of 
interest is cloned into a suitable vector and grown in sufficient quantity for analysis. Cells 
that express a differentially expressed gene can be used as a source of mRNA, which can be 
20 assayed directly or reverse transcribed into cDNA for analysis. The nucleic acid can be 
amplified by conventional techniques, such as the polymerase chain reaction (PCR), to 
provide sufficient amounts for analysis, and a detectable label can be included in the 
amplification reaction (e.g., using a detectably labeled primer or detectably labeled 
oligonucleotides) to facilitate detection. Alternatively, various methods are also known in 
25 the art that utilize oligonucleotide ligation as a means of detecting polymorphisms, s ee, 
e.g., Riley et al., Nucl. Acids Res. (1990) 75:2887; and Delahunty et al., Am. J. Hum. Genet. 
(1996)55:1239. 

The amplified or cloned sample nucleic acid can be analyzed by one of a 
number of methods known in the art. The nucleic acid can be sequenced by dideoxy or 
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ether methods, and the sequence of bases compared to a selected sequence, e.g., to a wild- 
type sequence. Hybridization with the polymorphic or variant sequence can also be used to 
determine its presence in a sample (e.g., by Southern blot, dot blot, etc.). The hybridization 
pattern of a polymorphic or variant sequence and a control sequence to an array of 
5 oligonucleotide probes immobilized on a solid support, as described in U.S. Patent 
No. 5,445,934, or in WO 95/35505, can also be used as a means of identifying polymorphic 
or variant sequences associated with disease. Single strand conformational polymorphism 
(SSCP) analysis, denaturing gradient gel electrophoresis (DGGE), and heteroduplex 
analysis in gel matrices are used to detect conformational changes created by DNA 
10 sequence variation as alterations in electrophoretic mobility. Alternatively, where a 
polymorphism creates or destroys a recognition site for a restriction endonuclease, the 
sample is digested with that endonuclease, and the products size fractionated to determine 
whether the fragment was digested. Fractionation is performed by gel or capillary 
electrophoresis, particularly acrylamide or agarose gels. 

15 Screening for mutations in a gene can be based on the functional or 

antigenic c haracteristics o f the protein. Protein truncation assays are useful in detecting 
deletions that can affect the biological activity of the protein. Various immunoassays 
designed to detect polymorphisms in proteins can be used in screening. Where many 
diverse genetic mutations lead to a particular disease phenotype, functional protein assays 
20 have proven to be effective screening tools. The activity of the encoded protein can be 
determined by comparison with the wild-type protein. 

Use of Polypeptides to Screen for Peptide Analogs and Antagonists 

Polypeptides encoded by SEQ ID NOs:l and 3 or by the corresponding full 
length genes can be used to screen peptide libraries to identify binding partners, such as 
25 ligands and receptors, from among the encoded polypeptides. Peptide libraries can be 
synthesized according to methods known in the art (see, e.g., U.S. Patent No. 5,010,175, 
and WO 9 1/17823). S creening m ethods may include, but are not limited to, yeast two- 
hybrid screens, protein co-immunoprecipitation assays, and lambda gtll expression library 
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screening. Agonists or antagonists of the polypeptides of the invention can be screened 
using assay conditions that ideally resemble the conditions under which the native activity, 
i.e. interaction between Notch receptor and Notch ligand, is exhibited in vivo, that is, under 
physiologic pH, temperature, and ionic strength. Suitable agonists or antagonists will 
5 exhibit strong inhibition or enhancement of the native activity at concentrations that do not 
cause toxic side effects in the subject. Agonists or antagonists that compete for binding to 
the native ligand can require concentrations equal to or greater than the native 
concentration, while inhibitors capable of binding irreversibly to the ligand can be added in 
concentrations on the order of the native concentration. In a non-limiting example, a 
10 peptide analog or antagonist would be tested for its ability to affect interaction between a 
ligand of the invention and a Notch receptor. 

Pharmaceutical Compositions and Therapeutic Uses 

Pharmaceutical compositions of the invention can comprise polypeptides, 
antibodies, or polynucleotides (including antisense nucleotides and ribozymes) of the 
15 claimed invention in a therapeutically effective amount. The term “therapeutically 
effective amount” as used herein refers to an amount of a therapeutic agent to treat, 
ameliorate, or prevent a desired disease or condition, or to exhibit a detectable therapeutic 
or preventative effect. The effect can be detected by, for example, chemical markers or 
antigen levels. Therapeutic effects also include reduction in physical symptoms. The 
20 precise effective amount for a subject will depend upon the subject's size and health, the 
nature and extent of the condition, and the therapeutics or combination of therapeutics 
selected for administration. Thus, it is not useful to specify an exact effective amount in 
advance. However, the effective amount for a given situation is determined by routine 
experimentation and is within the judgment of the clinician. For purposes of the present 
25 invention, an effective dose will generally be from about 0.01 mg/ kg to 50 mg/kg or 0.05 
mg/kg to about 10 mg/kg of the polynucleotide constructs in the individual to which it is 
administered. A non-limiting example of a pharmaceutical composition is a composition 
that either enhances or diminishes binding of Notch to a ligand comprising a polypeptide of 
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SEQ ID N0:2 and 4 or fragment thereof. Where the ligand/Notch interaction promotes a 
disease-related process, interference with the interaction would be the goal of the therapy. 
If normal ligand/Notch interaction does not occur because of a defect in one or the other 
protein, then use of a composition that restores normal function is appropriate. 

5 In other instances it may be desirable to promote angiogenesis, for example 

in wound healing and in therapeutic angiogenesis, for example to treat ischemia. 

A pharmaceutical composition can also contain a pharmaceutically 
acceptable carrier. The term “pharmaceutically acceptable carrier” refers to a carrier for 
administration of a therapeutic agent, such as antibodies or a polypeptide, genes, and other 
10 therapeutic agents. The term refers to any pharmaceutical carrier that does not itself induce 
the production of antibodies harmful to the individual receiving the composition, and which 
can be administered without undue toxicity. Suitable carriers can be large, slowly 
metabolized macromolecules such as proteins, polysaccharides, polylactic acids, 
polyglycolic acids, polymeric amino acids, amino acid copolymers, and inactive virus 
15 particles. Such carriers are well known to those of ordinary skill in the art. 

Pharmaceutically acceptable carriers in therapeutic compositions can include liquids such 
as water, saline, glycerol and ethanol. Auxiliary substances, such as wetting or emulsifying 
agents, pH buffering substances, and the like, can also be present in such vehicles. 
Typically, the therapeutic compositions are prepared as injectables, either as liquid 
20 solutions or suspensions; solid forms suitable for solution in, or suspension in, liquid 

vehicles prior to injection can also be prepared. Liposomes are included within the 
definition of a pharmaceutically acceptable carrier. Pharmaceutically acceptable salts can 
also be present in the pharmaceutical composition, e.g., mineral acid salts such as 
hydrochlorides, hydrobromides, phosphates, sulfates, and the like; and the salts of organic 
25 acids such as acetates, propionates, malonates, benzoates, and the like. A thorough 

discussion of pharmaceutically acceptable excipients is available in Remington ’s 
Pharmaceutical Sciences (Mack Pub. Co., New Jersey, 1991). 

Delivery Methods. Once formulated, the compositions of the invention can 
be (1) administered directly to the subject (e.g., as polynucleotides or polypeptides); or 
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(2) delivered ex vivo, to cells derived from the subject (e.g., as in ex vivo gene therapy). 
Direct delivery of the compositions will generally be accomplished by parenteral injection, 
e.g., subcutaneously, intraperitoneally, intravenously or intramuscularly, myocardial, 
intratumoral, peritumoral, or to the interstitial space of a tissue. Other modes of 
5 administration include oral and pulmonary administration, suppositories, and transdermal 
applications, needles, and gene guns or hyposprays. Dosage treatment can be a single dose 
schedule or a multiple dose schedule. 

Methods for the ex vivo delivery and reimplantation of transformed cells 
into a subject are known in the art and described in e.g.. International Publication No. WO 
10 93/14778. Examples of cells useful in ex vivo applications include, for example, stem 

cells, particularly hematopoetic, lymph cells, macrophages, dendritic cells, or tumor cells. 
Generally, delivery of nucleic acids for both ex vivo and in vitro applications can be 
accomplished by, for example, dextran-mediated transfection, calcium phosphate 
precipitation, polybrene mediated transfection, protoplast fusion, electroporation, 
15 encapsulation of the polynucleotide(s) in liposomes, direct microinjection of the DNA into 
nuclei, and viral-mediated, such as adenovirus or alphavirus, all well known in the art. 

In a preferred embodiment, disorders of proliferation, such as tumor- 
associated angiogenesis, can be amenable to treatment by administration of a therapeutic 
agent based on the provided polynucleotide, corresponding polypeptide or other 
20 corresponding molecule (e.g, antisense, ribozyme), agonist, or antagonist. The therapeutic 
agent can be administered in conjunction with one or more other agents including but not 
limited to FGF, VEGF, angiopoietin, angiogenin, and thrombopoietin. Administered “in 
conjunction” includes administration at the same time, or within 1 day, 12 hours, 6 hours, 
one hour, or less than one hour, as the other therapeutic agent(s). The compositions may be 
25 mixed for co-administration, or may be administered separately by the same or different 
routes. 

The dose and the means of administration of the inventive pharmaceutical 
compositions are determined based on the specific qualities of the therapeutic composition, 
the condition, age, and weight of the patient, the progression of the disease, and other 
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relevant factors. For example, administration of polynucleotide therapeutic compositions 
agents of the invention includes local or systemic administration, including injection, oral 
administration, particle gun or catheterized administration, and topical administration. The 
therapeutic polynucleotide composition can contain an expression construct comprising a 
5 promoter operably linked to a polynucleotide of at least 12, 22, 25, 30, or 35 contiguous 
nucleotides of the polynucleotides disclosed herein. Various methods can be used to 
administer the therapeutic composition directly to a specific site in the body. For example, 
a small metastatic lesion is located and the therapeutic composition injected several times 
in several different locations within the body of tumor. Alternatively, arteries which serve 
10 a tumor are identified, and the therapeutic composition injected into such an artery, in order 
to deliver the composition directly into the tumor. A tumor that has a necrotic center is 
aspirated and the composition injected directly into the now empty center of the tumor. 
The antisense composition is directly administered to the surface of the tumor, for example, 
by topical application of the composition. X-ray imaging is used to assist in certain of the 
1 5 above delivery methods . 

Receptor-mediated targeted delivery of therapeutic compositions containing 
an antisense polynucleotide, subgenomic polynucleotides, or antibodies to specific tissues 
can also be used. Receptor-mediated DNA delivery techniques are described in, for 
example, Findeis et al.. Trends Biotechnol. (1993) IT. 202; Chiou et al., Gene Therapeutics: 
20 Methods And Applications Of Direct Gene Transfer (J.A. Wolff, ed.) (1994); Wu et al., J. 
Biol. Chem. (1988) 263: 621; Wu et al., J. Biol. Chem. (1994) 269: 542; Zenke et al., Proc. 
Natl. Acad. Sci. (USA) (1990) 57:3655; Wu et al., J. Biol. Chem. (1991) 266: 338. 
Therapeutic compositions containing a polynucleotide are administered in a range of about 
100 ng to about 200 mg of DNA for local administration in a gene therapy protocol. 
25 Concentration ranges of about 500 ng to about 50 mg, about 1 mg to about 2 mg, about 5 
mg to about 500 mg, and about 20 mg to about 100 mg of DNA can also be used during a 
gene therapy protocol. Factors such as method of action (e.g., for enhancing or inhibiting 
levels of the encoded gene product) and efficacy of transformation and expression are 
considerations which will affect the dosage required for ultimate efficacy of the antisense 
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subgenomic polynucleotides. Where greater expression is desired over a larger area of 
tissue, larger amounts of antisense subgenomic polynucleotides or the same amounts 
readministered in a successive protocol of administrations, or several administrations to 
different adjacent or close tissue portions of, for example, a tumor site, may be required to 
5 effect a positive therapeutic outcome. In all cases, routine experimentation in clinical trials 
will determine specific ranges for optimal therapeutic effect. 

The present invention also relates to antisense oligonucleotides designed to 
interfere with the normal function of 3md3 and/or 2hdl polynucleotides. Any 
modifications or variations of the antisense molecule which are known in the art to be 
10 broadly applicable to antisense technology are included within the scope of the invention. 
Such modifications include preparation of phosphorus-containing linkages as disclosed in 
U.S. Patents 5,536,821; 5,541,306; 5,550,111; 5,563,253; 5,571,799; 5,587,361, 5,625,050 
and 5,958,773. 

The antisense compounds of the invention can include modified bases as 
15 disclosed in 5,958,773 and patents disclosed therein. The antisense oligonucleotides of the 
invention can also be modified by chemically linking the oligonucleotide to one or more 
moieties or conjugates to enhance the activity, - cellular distribution, or cellular uptake of the 
antisense oligonucleotide. Such moieties or conjugates include lipids such as cholesterol, 
cholic acid, thioether, aliphatic chains, phospholipids, polyamines, polyethylene glycol 
20 (PEG), palmityl moieties, and others as disclosed in, for example, U.S. Patents 5,514,758, 
5,565,552, 5,567,810, 5,574,142, 5,585,481, 5,587,371, 5,597,696 and 5,958,773. 

Chimeric antisense oligonucleotides are also within the scope of the 
invention, and can be prepared from the present inventive oligonucleotides using the 
methods described in, for example, U.S. Patents 5,013,830, 5,149,797, 5,403,711, 
25 5,491,133, 5,565,350, 5,652,355, 5,700,922 and 5,958,773. 

In the antisense art a certain degree of routine experimentation is required to 
select optimal antisense molecules for particular targets. To be effective, the antisense 
molecule preferably is targeted to an accessible, or exposed, portion of the target RNA 
molecule. Although in some cases information is available about the structure of target 
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mRNA molecules, the current approach to inhibition using antisense is via 
experimentation. mRNA levels in the cell can be measured routinely in treated and control 
cells by reverse transcription of the mRNA and assaying the cDNA levels. The biological 
effect can be determined routinely by measuring cell growth or viability as is known in the 
5 art. 

According to the invention, antisense oligonucleotides can be added to 
cultures of endothelial cells, and the effect on endothelial cell invasion can be determined, 
in order to identify antisense compositions useful for in vivo use. 

Measuring the specificity of antisense activity by assaying and analyzing 
10 cDNA levels is an art-recognized method of validating antisense results. It has been 
suggested that RNA from treated and control cells should be reverse-transcribed and the 
resulting cDNA populations analyzed. (Branch, A. D., T.I.B.S. 23\ 45-50, 1998.) 

The therapeutic p olynucleotides a nd p olypeptides o f t he p resent i nvention 
can be delivered using gene delivery vehicles. The gene delivery vehicle can be of viral or 
15 non-viral origin (see generally, Jolly, Cancer Gene Therapy (1994) 7:51; Kimura, Human 
Gene Therapy (1994) 5:845; Connelly, Human Gene Therapy (1995) 7:185; and Kaplitt, 
Nature Genetics (1994) 6:148). Expression of such coding sequences can be induced using 
endogenous mammalian or heterologous promoters. Expression of the coding sequence 
can be either constitutive or regulated. 

20 Viral-based vectors for delivery of a desired polynucleotide and expression 

in a desired cell are well known in the art. Exemplary viral-based vehicles include, but are 
not limited to, recombinant retroviruses (see, e.g., WO 90/07936; WO 94/03622; WO 
93/25698; WO 93/25234; U.S. Patent No. 5, 219,740; WO 93/11230; WO 93/10218; U.S. 
Patent No. 4,777,127; GB Patent No. 2,200,651; EP 0 345 242; and WO 91/02805), 
25 alphavirus-based vectors (e.g., Sindbis virus vectors, Semliki forest virus (ATCC VR-67; 
ATCC VR-1247), Ross River virus (ATCC VR-373; ATCC VR-1246) and Venezuelan 
equine encephalitis virus (ATCC VR-923; ATCC VR-1250; ATCC VR 1249; ATCC VR- 
532), and adeno-associated virus (AAV) vectors (see, e.g., WO 94/12649, WO 93/03769; 
WO 93/19191; WO 94/28938; WO 95/11984 and WO 95/00655). Administration of DNA 
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linked to killed adenovirus as described in Curiel, Hum. Gene Ther. (1992) 3:147 can also 
be employed. 

Non-viral delivery vehicles and methods can also be employed, including, 
but not limited t o, p olycationic condensed DNA linked or unlinked to killed adenovirus 
5 alone (see, e.g., Curiel, Hum. Gene Ther. (1992) 3:147); ligand-linked DNA (see, e.g., Wu, 
J.Biol. Chem. 264: 16985 (1989)); eukaryotic cell delivery vehicles cells (see, e.g., U.S. 
Patent No. 5,814,482; WO 95/07994; WO 96/17072; WO 95/30763; and WO 97/42338) 
and nucleic charge neutralization or fusion with cell membranes. Naked DNA can also be 
employed. Exemplary naked DNA introduction methods are described in WO 90/11092 
10 and U.S. Patent No. 5,580,859. Liposomes that can act as gene delivery vehicles are 
described in U.S. Patent No. 5,422,120; WO 95/13796; WO 94/23697; WO 91/14445; and 
EP 0524968. Additional approaches are described in Philip, Mol. Cell Biol. 14: 2411 
(1994), and in Woffendin, Proc. Natl. Acad. Sci. (1994) Pi : 1 1581-1 1585. 

Further non-viral delivery suitable for use includes mechanical delivery 
15 systems such as the approach described in Woffendin et al., Proc. Natl. Acad. Sci. USA 
91{ 24): 1 1581 (1994). Moreover, the coding sequence and the product of expression of 
such can be delivered through deposition of photopolymerized hydrogel materials or use of 
ionizing radiation (see, e.g., U.S. Patent No. 5,206,152 and WO 92/11033). Other 
conventional methods for gene delivery that can be used for delivery of the coding 
20 sequence include, for example, use of hand-held gene transfer particle gun (see, e.g., U.S. 
Patent No. 5,149,655); use of ionizing radiation for activating transferred gene (see, e.g., 
U.S. Patent No. 5,206,152 and WO 92/11033). 

The present invention will now be illustrated by reference to the following 
examples which set forth particularly advantageous embodiments. However, it should be 
25 noted that these embodiments are illustrative and are not to be construed as restricting the 
invention in any way. 
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EXAMPLES 
EXAMPLE 1 

Identification and Analysis of Novel Notch Ligands 

5 Two ligands for the human Notch receptor have been identified, sequenced, 

and analyzed using Northern blots and in situ hybridization. 

A. 3md3 

The first ligand is a 583 amino acid protein encoded by SEQ ID NO:l. The 
sequences are shown in Figure 5, and the ligand is referred to as 3md3. 

10 On the basis of alignment with the mouse Delta 3 amino acid sequence, 

3md3 is putatively identified as the human ortholog of mouse Delta 3 (Figure 1). Although 
a patent publication has identified a human “Delta 3” (WO 98 45434-A1), comparison of 
its alignment to mouse Delta 3, with 3md3 alignment to mouse Delta 3, indicates that 3md3 
bears closer resemblance based on both amino acid (Figure 1) and polynucleotide (Figure 
15 3) comparisons. 

The e xpression o f 3 md3 i n h uman t issues w as investigated using an EST 
AI363919 (Image Clone No. 2016425) as a probe. The results from the Northern blot 
indicate that 3md3 was expressed as a 4.9 kb message in heart, kidney, skeletal muscle, and 
liver. 

20 Table 1 shows the results of in situ hybridization of the 3md3 probe to 

normal and cancer tissue samples. Each result represents the data from six separate arrays. 
3md3 is expressed at a higher level in the following types of cancer compared to the 
corresponding normal tissue: adrenal, lung, pancreas, and thyroid. 3md3 is expressed at a 
lower level in the following types of cancer compared to the corresponding normal tissue: 
25 colon, esophagus, liver, prostate, and stomach. No expression was seen in samples from 
normal or cancerous breast, lymph node, and uterine tissue. In addition, 100% (3/3 
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samples, Table 2) of melanoma samples expressed 3md3, suggesting its use as a marker 
and a potential therapeutic target in this type of cancer. 



TABLE 1 

In situ Expression of 3md3 in Normal and Cancer Tissue 



Tissue Source 


% expression 
in normal 
tissue 


% 

expression in 
cancer tissue 


Adrenal 


0 


33 


Breast 


0 


0 


Colon 


24 


8 


Esophagus 


50 


43 


Kidney 


71 


29 


Liver 


64 


15 


Lung 


5 


10 


Lymph Node/ 
Lymphoma 


0 


0 


Pancreas 


55 


75 


Prostate 


8 


0 


Stomach 


25 


6 


Thyroid 


0 


33 


Uterus 


0 


0 
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TABLE 2 

In situ Expression of 3md3 in Cancer Tissue 



Cancer: Tissue 
Source 


% expression 
3md3 


Basal Cell 


0 


Cervical 


33 


Chorio 


33 


Epithelial 


0 


Fibro 


0 


Germ Cell 


0 


Leiomyo 


0 


Melanoma 


100 


Seminoma 


33 



B. 2hdl 

The second ligand is a protein encoded by SEQ ID NO:3. The sequences 
5 are shown in Figure 6, and the ligand is referred to as 2hdl . 

EXAMPLE 2 

Effect of Antisense Oligonucleotides on Endothelial Cell Invasion 

Adrenal cortex-derived bovine microvascular endothelial (BME) cells are 
10 grown in an a-modified minimal essential medium (Life Technologies, Inc. AG, Basel, 
Switzerland), supplemented with 15% heat-inactivated donor calf serum (DCS, Life 
Technologies, Inc.), penicillin (110 units/ml), and streptomycin (110 pg/ml). BME cells 
are subcultured at a 1:4 split ratio in 1 .5% gelatin-coated tissue culture dishes or flasks 
(Falcon Labware, Becton Dickinson Company, Lincoln Park, NJ). The in vitro 
15 angiogenesis assay is performed as described (Montesano, R. et al., Cell 42:469-477, 1985) 
in 16-mm tissue culture wells (Nunclon, A/S Nunc, Roskilde, Denmark). BME cells are 
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seeded at 5.0-7.5 x 10 4 cells/well in 500 |xl of a-modified minimal essential medium, 5% 
DCS (donor calf serum). Prior to reaching confluence (less than 3 days), DCS is further 
reduced to 2%, and cells are treated with recombinant human FGF-2, recombinant human 
VEGF, and antisense oligonucleotides. Oligonucleotides are added to the cells 2 h before 
5 cytokines on the first day of treatment. Medium and cytokines are renewed after 2 days, 
and oligonucleotides are added either every day or every other day during the 4-day assay 
period. Cultures are fixed in situ after a further 2 days with 2.5% glutaraldehyde in 100 
mM sodium cacodylate buffer (pH 7.4), and photographed. For quantitation, randomly 
selected fields measuring 1.0 x 1.4 mm are photographed in each well at a singlelevel 
10 beneath the surface monolayer by phase contrast microscopy, using a Nikon Diaphot TMD 
inverted photomicroscope. In each experiment, invasion is quantitated from at least three 
photographic fields by determining the total additive length of all cellular structures that 
penetrate beneath the surface monolayer either as apparently single cells or in the form of 
cell cords or tubes. (Pepper, M.S. et al., Biochem. Biophys. Res. Commun. 759:824-831, 
15 1992.) 

EXAMPLE 3 

Expression of 3md3 in Human Microvascular Endothelial Cells 

The expression of 3md3 in human microvascular endothelial cells (HMEC) 
20 is measured by assaying the mRNA in cells after a variety of treatments. mRNA 
expression levels are assayed by preparing probes for Northern blots as described above. 
bFGF-treated HMEC are prepared by incubation with bFGF at 10 mg/ml for 2 hours. 
VEGF-treated HMEC are prepared by incubation with 20 ng/ml VEGF for 2 hours. 
Following incubation with the respective growth factor, the cells are washed and lysis 
25 buffer added for RNA preparation. 

The HMEC treated as above can also be exposed to one or more antisense 
oligomers based on SEQ ED NO:l or 3, using methods described by Zimrin, A. et al., J. 
Biol. Chem. 277:32499-32502, 1996. 
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EXAMPLE 4 

Effect of 3md3 Expression on Tumor Induced Angiogenesis TV Vivo 

The effect of 3md3 on tumor growth and tumor induced angiogenesis is 

5 assessed by: 

(a) Infecting the highly metastatic human breast cancer cell line MDA- 
MB-231 with retroviruses encoding (i) the extracellular domain of 3md3, and 
(ii) full length 3md3. The infected cells are subsequently implanted in nude mice 
and the growth of the tumors as compared to control groups is monitored over time, 

10 and 

(b) First establishing a tumor mass by implanting MDA-MB-231 into 
nude mice. Adenoviruses encoding (i)the extracellular domain of 3md3, and 
(ii) full length 3md3 are then injected intratumorally and peritumorally. The growth 
of the tumors as compared to control groups is monitored over time. 

15 EXAMPLE 5 

Effect of 3md3 on VEGF and bFGF Induced Angiogenesis In Vivo 

Adenoviruses encoding (i) the extracellular domain of 3md3, and (ii) full 
length 3md3 are injected into the retroperitoneal adipose tissue alone or in combination 

20 with adenoviruses encoding VEGF or bFGF using methods described by Magovem, C.J. et 
al., Hum. Gene Ther. 5:215, 1997, and U.S. Patent No. 5,869,037. Neovascularization of 
the adipose tissue is assessed on day 20 and day 30 post-injection by histological 
evaluation. 



25 From the foregoing it will be appreciated that, although specific 

embodiments of the invention have been described herein for purposes of illustration, 
various modifications may be made without deviating from the spirit and scope of the 
invention. Accordingly, the invention is not limited except as by the appended claims. 
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